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2. 2 9M ZN

2.2.1 No serious incomx:atibili 'ies were deterged betwoen too Convair
Autopilot system and the Arm W durIng these teats.

2.2.2 The guidanoe system performed correctly on both ground asn air-
borne power sunpliee over a wide range of power system load
oonditioem.

2.2.3 The operational status of the AM Autopilot was recovered within
a fraction of a second after power changeover, while the Arma
equipment was fully operational within five seconds in all tests run

2.3

2.3.1 Convair D/AM Autopilot Components
Gyro Package
Serro Amplifier Paokage
Digital Progra-mme Package

2.3.2 Convair special test equipment
Control Maneuvers Servo Table

0 Package Control Units

2.3.3 Convair Power Supply Components
Inet-Palmer ground power -tit
Airborne Inverter power unit

For a more detailed description of thase units, refer to the
Elctrioal Section of tbis report.

2.3.4 Arma Lot II Missile Guidance Syst-v
Computer
Inertial Plat',m
Arlog Signal Converter
Digital Signal Converter
Control Central

2.3.5 Area Special Test .quipme77*
ET-l WS Test Racke
Comput*- Test Kit
Simulated Br'ak Away Fanel

S2.4

2.4.1 Initial Installation

k vaIled in, !imitod aoceis area at Ooiras J, K•-1, rdg. 5 vas
created for equiment seourit-, 25 Jarntury 1959. A-"A& Tiet
hardware was then installed and connit-tedo owor V .ee, c)ntro
boxes and outlete werv installed, furnishing • neoc..s,--

FORM NO 4702 1
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2.4.1 InitWa Inst~allation (Centinaued)

.440Ovolts, 60Oapap 3 plave

n17 volts. 4#00 eye, 3 Pus.

U? volts, 60 ceye, 1 phas.

28 volts, DC

lbzaed air, dry ice equipeent ocolurs wer deelpged and built
for Arms equipmjent, &a were a towi minor pieces of spoetal. test
equipment. The required test Inaftaimenls wor, obtained aid
the area was cohcked out and operation~al by 91shebruy 1959.
See figiwee 1 througha 5.

2.4.2 &=tli.A /'M Wnr RMWMte Commtilautv test. -

2.4.2.1 On 9 Fehruazy 1959 the first prototype AM~ &7ro sanlator was
tested for -mipatibillty with the Arms MG5. The objest of this
toot was to dotemize if sz jeierepnes existed wkni pitak

2,4.2.2 Ir tba first test pitek steering signed. from the piteb wiaWa
..saohr. @f the Arms Inertial Plait % were appliad to tn.
;4tah gulAaas. input of the torquuer amplifier in the gyr
eaniste?. Signals renging freen +5.0 to -5.0.voltvr in 1 volt
insrements war* used as imputs. T.4 parenetuso reeorded an a
Sanborn reooruaer were as fellovet Laput Signa, Pitch yOM
Output. Mobe Axpliflo fttput sod Pit" Torque Cwirst. it
sach volt"*. inpt lovel, the piteb giaidaae mas disabled
""~-3-gh an elsetrusia P~tch in Us 57F9 Geaiste.. QM thes Syre
was 4el*6le.y Awiled. fte nalling U*op was thi opened &Md
tba pite'h fudat vas aaabld4#Ll~wi tho signal~ to tozqut the
ave. 'Abe Ysxltize mWAP Outputs amd Aatquift vareat war* re-
oordied at that time.

2.4.2.3 Tko tsood test was to.sly wst imsias th

tbo Mmo Oaanstow. TMe ia.ts rastrod from 4-) volts to -3 Volts
in 0.5 volt im~rsammts. The parwavear; r-eorded an th. 5ankru
recoraer ~r &am foliost Input 31ul Yaw Gyro Output, Tow
Signol Mxplifier Output, and Yaw Torqae Cw-rrnt. u 11% the clue
of the pitsh ohajui1, tbe yaw guidames vas disahled thrso t.he
01*0tren1l, witcbL and the Mq3aev "ve,1 ald

U NCLASH E
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2.4 (otm"

2.4.2-3 'Coutioned)

The mulli~ng loop as Ume apese" mnd the yaw guidao.e vas
mabledo alleviMn tb. uives' to torque the a"o.

2.4*.2.4* In phase and quadretwe soamsente of Ira& pitch and yaw steer-
Ing signals were en c

2.4.2.5 ArmwCoavair guldanee intortap tapeftmnse were investigated.

2.4.2.6 The .~cicionvse ,,P the tft~w sapllfier guidame mable
witches were evaluk'ed ly votixg their afttenation of the
gnJ4- 9 in~put in oxisable mods.

2.4.3.0 After these initWa cheek,, the detailed teesting prop'm vas

vadeiaket ad ocm*1*tW bF 9 fty 2.9". Tha fellwiug ares.

2.4.0.1 Motb and Uaw Steerlmn

a) Open Autoilot a" ee3p
b) Closed Awtopilot a"2 loop
o) Closed kAtepilot a"9 lep abott a Mogtt in3.wVers sax-To

2432Tibe pitch Wn 7=w stewring tesits wase efnnete to detesulue the
2432oomptibW..i of the Am syntoom wth tb avtepilt ft e omiater

as v11 aso to oompmam t %,rqw-ing reves mesurod three sspmt*te
"vWe; open "n niceed an loop,, and Aloeed 3oep thwov the

I AvU7opiot g7WQ pask~os me-to loop pm~rim~t.'i we .1.0 jinveeti-

2.4.3.3 Plt.I vgv drift iou to piteb steertig ~uuf Ogqal vaw '..i

2... law gyrv drirt &am %* yaw stoaing WAM vigna was inve-atiatW..

2-4.3.5 Eftee'. of y"W vteaV%.n mui~al 1po on gyro W1pilor mut;t
u evmd

gee, *XWMP 0"ab - km~ 714,* Thm at,-A Is" #w~t r" LW SMO Wtar a o"q ts flM Lsv



14 APORT 7B 2124-1
CONVAIR ASTRONAUTICS PACL __

J11 August 1959

2.4 TES1 PROCEDURM: (Continued)

2.4.3.6 A normal Lot B 1-G problem yaw steering signal was fed from the
Arms Computer to the Autopilot while the computer cutoff signals
were sent tO the programmer. The tests were run on ground
power and r~peated using 6he alrborne power supply. The auto-
pilot was operated closed loop using an external nulling ampli-
fier.

2.4.3.7 Simulated Lot C 1-G Test - closed loop. Lot C is a more a.dvanced
form of the Arms MCS. A simulated Lot C yaw steering profile was
generated by manually satting the yaw steering signal levels in
the proper time sequence with the Arms computer test kit. The
tests conducted with the simulated Lot C sequence profile were
the same as for the normal 1-G profile with the exception that
cat-off signals were not available.

2.4.3.8 Sensitivity of discrete signal circuits to over and under supply
voltages was measured.

2.4.3.9 The effect of switching on and off the simulated loads on the
guidance system power supply was investigated. Arma ?CS oper-
ation at the specification limits of power supply amplitude
and frequency wa,-, measured.

2.4.3.10 Effects of power changeover, from ground to airborne, on the
guidance system was measured.

2.5 TEST REULTS:

2.5.1.0 Initial Arma/AIG Gyro Canister Compatibility Tests.

2.5.1.1 The results of the pitch steering tests may be seen in Figure 6
where input voltage is plotted versus Autopilot gyro output,
amplified gyro output, and torque current. This data appeared
to be consistent with what was expected.

2.5.1.2 Figure 7 shows the results of the yaw steering tests. The null
voltage input was 6Omv total with negligible phase sensitive
component. The recorded gyro drift at this time was approx-
imately 0.005 volts/second or 25 degrees/hour using the nominal
gyro sensitivity of 0.7 volts/degree.

2.5.1.3 The in-phase and quadrature components of Arma MGS yaw and pitch
output steering signals were measured and recorded by Arms at
this time also. Their results are shown in Figures 9, 9, 10 and
11.

This document contains information affecting the national defense of the United States within the meaning of the Espionage Laws. lie 18.
USC, Sections 793 and 794 The transmission or the revelation of its contents in any manner to an unauthorized person is prohibited by law
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2.5 .TET RESTS: (Continued)

2.5.1.4 The tests of Figures 6 and 7 were made by adjusting the Arma
outputs to the desired torquer amplifier input voltage levels.
This cancelled any loading effects on the Arma equipment which
may have existed. However, Arma supplied the following infor-
mation on its pjt-ý,h and yaw source impedances:

Pitch 370 + 20% + J250±20% ohms
Yaw 6000 ohms

These impedances drive the pitch and yaw guidance input circuits
of the gyro torquer amplifiers, each of which offers a load of
100,000 ohms with guidance disabled and about 190,000 ohr.s with
guidance enabled ensuring a good impedance match with Arms.

2.5.1.5 The enable - disable guidance switches appeared to function
efficiently. With 3 volts RMS steering signal applied to the
guidance input, and with the switch in the disable condition,
.00417 volts per second appeared at the amplifier output. UsingI a sensitivity of 4.5 volts/degree this is equivalent to a drift
rate of 3.34 degrees/hour.

2.5.2 Results of Main Testing Program -

2.5.2.1 Pitch and yaw steering

The pitch steering tests were similar to those run in the initial
checks, with signals ranging from null to ±4 volts used as inputs.
All testing was done on both ground and airborne power. With the
Autopilot gyro loop open, the ramp output from the signal ampli-
fier was recorded at each voltage level after initially nulling
the gyro and disabling the guidance input. Simultaneously, the
nulling loop was opened and the guidance was enabled allowing
the gyro to slew to its stop.

For the second test, the gyro nulling loop was left closed, and
the guidance was enabled, while the gyro displacement was
measured at the nulling amplifier output for each steering i-.utlevel. The third test was to close the loop about the control

maneuvers servo table and monitor the table rate at each input
level. Sample recordings of these tests can be seen in Figures 12
and 13. With the servo loop closed, the rate gyro output was
recordcd to determine whether any inconsistencies existed in
table rate.

This document contains information affecting the national defense of the United States within the meaninrg 'f the Epion4e Laws. title 18.
USC. Sections 793 and 794 The transmission or the revelation of its contents in any manner to an unauthorired person is prohibited by law

FORM 14o A-702-2 IQDA N
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2.5 TEST RES Ut•.: (Continued)

2.5.2.1 Pitch and yaw steering (Continued)

The yaw steering tests were run in a similar manner, with signals
ranging from null to ±3 volts used as inputs. The open loop
tests were performed as before by applying the yaw steering
signals to the guidance input after which the nulling loop was
opened and the guidance enabled allowing the gyro to slew to its
stop. The ramp output from the gyro signal amplifier was recorded
as shown in Figure 14. The same test was repeated with the null-

Ing loop closed and the output of the nulling amplifier recorded,
also shown in Figure 14.

2.5.2.2 Autopilot Gyro Package Torquing Rates and Parameters -

Figure 16 is a block diagram of a floated rate integrating gyro
and its associated circuitry. The blocks inside the dotted lines
represent the components of a floated rate gyro, while those
outside represent needed circuitry for open or closed loop oper-
et ion. Cpen loop torquing is accomplished with Si and S2 open,
and with the signal applied to the guidance input. Closed servo
table loop torquing is accomplished with S closed and S2 open.
Closed -yro loop torquing is accomplished with switch Si open
and switch S2 closed.

The gyro open loop torquing rate may be defined by

go = t St
Ei C[ vot

Where Kt torquer amplifier gain in volts/volt
nt =torque generator transfer function in volts/deg.
C viscous damping torque of the gyro in dynes - cm/deg/sec

The open loop torquing rate is calculated from the voltage ramp I
output of the signal amplifier using the displacement sensitivity
which is calibrated to ±5.5%.

Closing the loop about a servo table on which the gyro package is

moUnted, the torquing rate becomes

E = Ei

where H is the gyro angular momentum.

This document contains information affecting the natior~aI defcns, ol the United States within the meaning of the Espionage laws. Title Is.
USC, Sections 793 ano 794 The transm;sion or the revelation of its contents in any manner to an unauthorized person is prohibited by law
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2.5.2.2 (Continuad)

It can be saen that the torquing rates obtained uiling these two
methods of mtssurement could differ considerably especially if
the Camping should vary some percentage over a speCified temp-
erature range. Figure 17 doss show, however, a fairly good
correspondance between open and closed servoi loop torquing rates.

The third method tried was to close the loop about the gyro
itself, torque the gyro electrically with the Arms steering sig-
nals, and record the output of the nulling amplifier for each
input levil. Since the input summing resistors at the input to
the torq~er amplifier are in the ratio of 1.21 to 1, the voltage
E• £cs;d be 1,21 X Ej at any input level. This is verified in
Figure 17.

The predominate time constant of the Autopilot gyro nulling loop
as com-uited to be 0.5 second. This seemp to agree with the time

S.onsxant recqrded in the simulated Lot C 1-G Test shown in
Figure 8. In this test the gyro loop wes closed and the nrlling
amplifiar outolt wao recorded, showing a nulling loop time con-
ltart of ah-ut 0.5 seconds. If necessary, the loop gain could
pro"bbly be increased sufficiently to lower the time constant,
as the loop poszcbes an ample gain m&rgin.

Sinarizing, the erx nullzg lc'p had a computed natural fre-
que.-•",ýv % ' ratio of 5.62, and a tiinQ constant
of 0.5 seconds. All - oarameters are a funct, , of loop
gain which can be cont l-ad by adjusting tie gain of the null-
i-, amplif lr.

-. 5.2Z3 Tte pitch steering signal was njled by pinning the inertial
platform pitch gimbal with a zero pin,

The effect of the Arma pitch steering null 'nal on the appaenth .... rn4n h p c n
t,,n il t , nt.-.- 4i-4,r w than ...... rAe.. n- a - ,onn... 4 - y,- s s

Tk.ii, iuil dr-ft wa- reoorded for six minutes. The drift in
degreec per hour was calculated using the pitch displacement
nensit'liviUx which was calibrate, to 3,' volts/degre,. "'his

:ajiated. n-rift i; •shown as follows:

-P '.n te ý;a@ af ! ' e~ W he Espio~ law
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2.5 ~§lfj: (Continued)

2.5.2.j (Cont,.nued)

Drift at tha end of six minutes 0.9 Volta

Drift per hour 9 7olta/hour

Drift in degrees/holur 9 volts/hour 2.57 deg/hr.,

3.5 voltas/j1og

2.5.2.4 The Armia yaw steering signal was nulled by use of the conputer
tlest kit in -tht "zero subtract" position. The affect of the
yaw steering null signal on~ the ar~parzlnt Aut~opilnt gyro irift
is show-' in Figure 19. The gyro &-ift wa., recorded for three
m~inutes In each direction by reversing the Arma computer refer-
once voltages' phase. In either direction the drift appeared to
be low, 2.27 deg,.ir. to 3.46 deg/hr., both within tolerance.
The differen~ce betw~en these two drift raten is 1.19 deg./hr.3 which -s the true gyro drift rate caused by- the imperfect null
t ignal.

2..ý.2ý5 7.e 2 cps ripple on the yaw outpu,.t of the Arma computer did
appear at the output of the nulling amplifier ar, a 0.1 volt
peak-peak signal. The amplitude of the 2 -Ips rippl- is depen-
dent on the steering Input signal. level. As shown in Figuro_ 1.4
and 15, the input signal level for 1.1 volts pea-k-peak was at-out
3 vo.lts IRM. '_oc deter-mnine t1he effeo-t of the 2 cp ripple on
the entire Autopilot eystew including the sustaineýr and vern4.c
engines, the resulti.ng 2 cpe ripnl~e was recorded at thin output
of the yaw signal amplifier. See Figure 210. With a 3 violts R?.c
Input signal, the peak-peak roltage appearing at the output cif
the signai aitplifier was 0.2 volts. The surtairner &2varixer
engine &-flectior for a peak-peak input of 0,2 volts c&;, be
calculats.id as follows: the end to end sustainer pitch and yaw
displthcemant gain ise 1.85 deg/deg. The y'aw vmriier disj'lacemlsnt
g-4, i 1CA & -'dI~eg. A Oria degree displociatint input produces
3ý.5 folt! signal amplifier out. _'t folhows that `.he sustAiner
uiisplaea.,nt ~sti It s

0.53 deg/volt

ih! &,'repmeq cor~tair into, n (o n 'o o't , t.d thnto na 0~!oAIdt,ie ot Oqhy On te Sttes i wthrn meang )j o the Esi.-irO e I C,'C. s, t IO 1t.

',!SC, Sc t~ons 79 and 1!94 )he t rmrin m'ssion !hef evfelIation ow t contents iq Any ma~nov to sý; unautrorized persono prohib'ýed by law
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2.5 IL 1I: (Continued)

2.5.2.5 Therefore a 0.2 volt peak-peak signal amplifier output produces
a sustainer deflection of

0.53 x 0.2 = 0.10% degrees peak-peak at 2 cps.

The vernier displacement sensitivity is

= 4.37 dcg/volt.3.5

Thus a 0.2 volt peak-peak signal amplifier output produces a

vernier deflection of

4.37 x 0.2 ' 0.874 degrees peak-peak at 2 cps.

From tha above calculations, it appears that these small engine
deflections will not be detrimental to the autopilot control
system. The calculated sustainer deflection should be within
the dead zone of the engine servt system.

The third test performed with yaw steering input signals was to
close the loop about the control maneuvers servo tshle. This
test is shown in Figure 15 where the rate gyro output shows a
0.04 volt peak to peak 2 cps oscillation. This is equivalent to
0.2 deg/oe,. peak-peak modulation upon the table --ite of 1.24
deg/sec.

2.5.2.6 The normal Lot B 1-G yaw steering profile using airborne power
is shown in Figure 21. This test was done with the Autopilot
gyro nu3ling loop closed etnd the output of the nulling amplifier
r3corded. No unusual transients appeared on the recording and
the output appeared normal. Figure 10 shows another recording
taken on airborne power.

2.5.2.7 The s..•n uted Lot C 1-6 test is shon. in A .. .In

test the gyro loop wa- closed and the milling !•apl'ifiv- oJt.rluit
was recorded.

I n5 IJO(L W. U" (WO-miri c,, I th? nA(rA Mense 0i lhe Unitedi S. "in 'he, mfeaning of the '$pioiA;e LAWS T:! e

XJC -,(< ,on" '0 _ ll ' o fj;~ Pe~ he reeiltiof ot -, oriientz in m ranrne' io, una¶oth--wzed pe'ir' is

il~y, NýJ 4 J02
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2.5 TEST RESML : (Continued)

2.5.2.8 On 12 March 1959, the Arma 'GS and Conv#1r Autopilot were run
as a system. One G problems were run with the computer cut-off
signals going to the programmer. The DC power supply was ad-
justed for nominal, under and over voltage levels. The perfor-
mance of the ICS-Autopilot discretas circuitry was normal under
all conditions.

2.5.2.9 The entire simulated load was switched on and off to simulate an
extreme airborne power profile. No significant variations
appeared in the recorded outputs of either Arma or Convair
guidance components. The Arma M2S operation was normal at the
specification limits of power supply amplitude and frequency.

2.5.2.10 Power Transfer Tests were made to dstermine the effect on the
operational status of the 4GS and Autopilot compornants. Phase
switc .-over times were unequal, and transients lasted as long
as thirty milliseconds. However, total separation from the
ground supply was always achieved before the airborne inverter
wae switched in.

The servo package recovered operational status within several
mill4 seconds and therefore posed no problems.

Changeover tests were performed with the programmer at zero
ready to receive a launch commanid. At po.er changeover the
programmer power supply voltage decreased which resulted in
programmer logic commanding a satisfactory reset to zero as
the vol'tages returned to normal values. No undesirable voltage
transients were noted in critical programmer outputs.

The effects of power ohangiover -n the gyro package are shown
in Figures 23, 24 and 25. Therp appear to be no problem areas
except for a 0.3 volt transient spike lasting for 0.1 second
appearing at the output of the rignal amplifier. This should
have a negligible effect on sy<.nm operation.

13'-~.- 1) r a ffe M c nig !h n~t oni' ýefe~'e o' ~'he1r!- ttsw -tar~nj j, !h is; c,7iear ws

iV!n eve A2? O~iI ýo. f ai uný Al r
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2.5 TEU RES:PTS: (Continued)

2.5.2.10 (Continued)

The first area of investigation on 'he krma equipment was the
effect on platform alignment. As the yetesm power was sitched
from ground to airborne, the steering resolver and pendulum
outputs were recorded, as in Figures 26, 27 and 28. Any change
in resolver or pendulum outputs would indicate gimbal motion.
There was no change in pendulum output as a result of power
changeover. A 2.5 millivolt change in roll resolver output
was recorded indicating a twenty second error, As the resolver
output is directly proportional to line voltage, r major factor
in the resolver output change is the difference between the
voltage levels of the ground and airborne supplies. The voltage
difference was about 1% at the time of this measurement.

Platform azimuth alignment was monitored optically using a Wattt
autocollimator to sight on the platform porro prism. The
angiular offset of the platform in azimuth due to power transfer
was less than five seconds for repeated runs.

The recovery of azimuth alignment from an offset was normally
observed to be accomplished within two or three seconds as a re-
tult of the FT-I Equipment Gyro Torquing Amplifiers. At no time
did recovery exceed seven reconds. On the basis of these figures,
Arma states that tne platform will have fully reco-ered from
-ny offsot due to pe-er transfer prior to launch.

The pover transfer transient .,'as reflectud in the 7l.stform and
computer power supplies, There waF no siwnificant increase in
ripple or noise on thR DC voltages after transfer. Observed
"rnntrol and p-wir supply volt-es of the Arw& equilment are
tabulated in Figure 30 to givw ILualitative deflnition to the
supply variations %fter changeover.

The Ar,-A CSs s srvo &nailtfier output showed e rI.,Ie ,the
ýiff-,renc fre-yuency of the two sup-lies. e Fi,-r'. 2r .
Zi'ur rivý']d wae ahoIt I volt peka t: )aa ½tai volt' te was.vithin ocifictions. Servo rso-nre'e vas- i .-al 'udging by

the recovery ti7e from a mtem input. It is .rCS,•eI that t
"humd Alkv;ý will .t be prerent in t÷e minLBlle ucce the us-

billcai is d2etached.

;•'h "-'7 S 11,A A i' $
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2.5 MT RESULTS: (Continulc)

2.5.2.10 (Continued)

Computer operation was normal on airorne power whun reset after
transfer. Figure 30 offers a qualitative indication of tie
transfer effects on the computer operating voltages.

2.6 S

Report ES-59-SM-322 dated 18 Karoh 1959, Results of Initial
Arma/DIG Gyro Canister Compatibility T6-.s.

Repor v ES-59--SM-384 dated 25 May 1959, Summary of Arma/AIG
Autopilot Compatibility Tests.

Engineering Work Book No. 7404.

4.
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3.0 Ma11:J~ 3loctri.. System 0sinpatibd11tt Test Resu~'te.

The PuvMWo of tik" ph.. of t~estLg We, ue evalate the eleottioal
compt~bbU1ty of the D/AM 9~ system idth the Arms MM) - AID Au+.^-
Put*t gpi4&aU*i systea.

3.2.1 Obtain *,4oad angly.9 - ý6r te, DAJ Missile power Systui.

3.2.2 Obtain a harasaic analydise if %the airbwn. pmve syetem,

3.2.3 pen.~ ws system esa#ewristjcs irlor to tra~nsfer, du'I1a

-taer, &Wd soter tmasfer.

3.3.1 Th. mominawl lmd = the W/Ar I~assi1 Poews Srt~m vu 1620 vU.. Thbe
Arms Inertial1 Guldswe System "aeatitutad tiarevo-tovt *f the binizl
loa4.

3.13.2 The haai aoslysis of the airbor* m.ivrte 1ix~i~th tlmt the
vo~lW* harmonia oontent from the veaecd to Wotwieth ?armomie was
appreci&A4%,* 0.033 of the fuiadamat~a1.

M3.. ;.corc4s~ taken of poewr syst.. titmfiv.r indioa~te that **.positioni
transfer tins (poewe interraption) exaie..s ýPe sarti== zpeoified ot
15 ml'Xisseoonds.

A~rxa total varrest U%"~ients at transfer' are nox .~ex**ssv in maunitrde
Edare gWinorlly1"s ieea 2.5 ailli~ieao~ds to duration.

it to re~memnmWu t~at futa tetiuj ý3 the changwmer w~tabi be
onaduttd on tihe u:;s-ei loyal.

3.5.0 k I 0

T'here wort feiw vjor io7± a x. evnmtx used in this ta*&A

3. 5.1~ Nvwe Cbagvovr 9witeb

Wk* W-L ? '%4. ". WiSM so V 9 :W4f bO d M W. Q64W& POW4 4 kb
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3.5.1 Power Changeover Switch - (Continued)

Kinetics Corp. M-160-2

Serial No. 002 CVAC 27-06106-3

3.5.2 Airborne A.C. Power-

Inverter - Bendix, Red Dank Division 32B77-5-B

Serial Number R-14

Output; 115/200 volts AC 400 cycles,

3000VA, 3 Phase, 0.8 pf.

Input: 28 volts DC 185 amps.

3.5.3 Ground A.C. Power

Variable Frequency Motor - Generator

Inet-Palmer Division of Leach Corp.

Modei AL2O4 Serial Number 3673-1

Convair Specification No. 7-06205

Input outp ut

Vo 1v. 390", §1 C20./20

Freq: 58, cyC. 35CIC20 c c.

Fl~se' 3 3

.,.p S 3"'.5 A• . e

3,5,., z-o•: -Airbor= e F.[. wer
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3.5.1 Ground-Airborne D.C. Power -(Cont~nued)

Mec Colpin - Christie Corp. 431-hAX01.

Serial. Nu.mber X-458

outputi 400 amp$ 25-29 volts DC

Input 2 410v 3 Phase~ 6O~yc. 30 Amps.

3.5.5 D. C. Power t~o Arm& Gro~und Equipuent -

Rlectifier, Metallic

Christie 1floctrio Corp. X1i32-100 K4

Serial Numiber K-1804

Output: 10C ar-p. 24-32v DC

Input: 460 vc2~ts 60 cyc. 3 Phase

3.6.1 Gonr~erl Procedure -

3.t1.lheelectrical power system used follo'we~ the schematic Drawing

Aih3iltionf ai'4 char-4es were incorp.rated t-o faciii~tatoi. tru:zantaticn
a.3- eyste r- j-~mi. Pasica'Liy, the ebyste conf-rast h oe
zystem diagram given ir F'igu~ro 31. '"he !olid lines ir~dicate flow ýýf

~x'r.-herea: , the dar-bed lines LRI'M'ate --a- :; o.- in4t1r'x- rtatior
co Ter &go.

-e~~~~~5 *rrr-,tA.- wa oa o;,rvý -, Mcu,ý -nr

~.A'- E-10'z-jd power at &--

-'-- eiocti c&, wiring vao -f tl~e ti-ee-la5,br r,.n~
SNc. w s .re ccn.ct0- be.twowr Ma' ý 4ci ar -r

* -uft al>'L o~c

.kc ---owe w C ~ s:Ie as !swp&ra's-J -Air

- ' J* *JJ3~ 'j~~lip- ~ *~
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3.6.1.1 (coutinuod)

The too% invwtrtw and ebaageoavr wvitab bad -- used in sevora~l
othe.r tests by Syintma end Camponento Test L-Asratort".

13.6.1.2 The system load we"s operaetd in the re.4y Re during el.ot~rIcal
pover teats. The airbasoa oods, consisted of the follovli4:

3.6.1.2.1 Arms KW

a, E~atforu Psok&ge

b, Ccuputar Package

a, COmtZ'o1 Ptakage

d,, inalogu 3igml Coavtor

at tiv Atrasdaser utimilatod)

b, Ciyrc PIakW4

Prop oiore Fackxgo

d; Serc Unpdifiar P&t'k*W

a, F~giai~wand Serve Amplifier 1*on'tcring Fauale2

3~d.3 Slaulated Loads:

Theus siwa-atoJ Weir v!* f l h*stand of a

OC ýKAW 'g-j -- k %1 '*d : , 4z a' ; fxýd w w- bF a~ .- A. -Ip~ ft~b
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3.6.2 Specific Procedure:

The load analysis and harmonic analysis measurements were taken at
the analyser. Both analyses were performed on airborne inverter
power with the external ground wire disconected.

3.6.2.1 The load analysis was perforsed using a voltmeter,, ameter and watt-
meter with associated curzent transformers. Pictures of the phase
voltage and current waveferms view taken with a Type 261U Dumont
attachment azd osaea and Type !3/15C Tektronix Dual-Trace Plug-In
Unit in a Type 545 Tektrose Oscilloscope.

3.6.2.2 The harmonic analysis was performed using a Mbdel 300A Hewlett-
Packard Harmonic Analyser. The half band vidth selectivity was set
at 145 cycles. Frequenoies outside this bandvidth were attenuated
by a minlmum of 40db. The voltage harmonies vere measured directly
across the line and the current harmonics were measured across a
50 millivolt, 10 ampere shunt in the line.

3.6.2.3 Pover changeover's (transfers) were performed with over, nominal,
and under voltage outputs from the inverter. Reeidin, I"ýe obtained
on a Type 5-119 CE oeaillograph. Type 7-326 Galimnometers were used
for the AC traces. These galvanometers have a frequency response
flat to 3000 cycles. A Weston, Model 461 current traneformoer and
CEC Linear Amplifier, Type 1-112-C were used to isolate and amplify
the instrumentation signal of each line current. This lin sentation
circuit gave erroneous indications of the lino currents during
transfer ari vas therefore revised for subsequent testing. The re-
vised circuitry utilized a 7.5 ampare, 50 milllvolt: btmat in each
line and a Type 7-3.9 Galvanometer. Tbir palvanometr bha a fre-
quency response .flat to 300 cycles.

3-7.9

3.7.1 The load analysis data are given in Figure =. The power factor wea
calculated from measured values of voltage, amperes, and watts. -jal
values with:,the excsption of watts, givn in the total rows of the
table are calculated on the basis of 115 volts. The system line
voltages and inverter direct current and voltage are given at the
right.

The loads were not steady because of heaters turning off and on in
the Autopilot packages. Therefore two load analyses were run.

This document cantabS Information Sffecting the national defense of the Unitad States within the meaning of the F spio-age. Lws, Title 18,
USC, Sonm 793 and 794. The transmission or the revelatioof its contents In any manner to an unauthorized ps~son is prohllbted by law.
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3.7 TEST RULf TS.: (Continued)

3.7.1.1 A nominal value of system loading was 1620 watts. In comparing the
loads of Run 1; Arma MIS comprised 73.5%, AIG Autopilot was 10.6%
and the simulated load was 15.9% of the total load. The AIG Auto-
pilot load had the greatest variance in phase current and power
factor.

3.7.1.2 The waveforms of voltage and current are given in Figure 33. These
pictures show the distortion in the waveforms and the phase angle
between the phase voltage and current. The photograph on the right
shows the waveforms with total system load on the airborne inverter.
The photograph on the left shows the waveforms with the simulated
load dropped from the total system load. The system load without the
simulated load is given in the load analysis table.

3.7.1.3 The simulated load was used for nominal and extreme variations in
loading on the power supply for power yatem compatibility testing.

3.7.2 The harmonic analysis data are given in Figure 34. The values of
harmonic voltages given are from direct measurements. The values of
harmonic currents given are calculated from the voltage drop measured
across a 10 ampere, 50 millivolt shunt in each line. Here again
the load on the system was not steady and two sets of data were taken.

3.7.2.1 The middle portion of the analysis table gives the harmonics in per-
cent of the fundamental. The seventh and eleventh harmonics are the
most prominent voltages, whereas the second, third, fourth, fifth,
seventh, eleventh and fifteenth harmonics are the most prominent
currents.

3.7.2.2 The harmonic content of the voltage is given at the bottom of the table.
Interface requirements of AZM-27-075 call out that the RMS sum of the
voltage harmonics from the second through the tenth shall be equal to
or less than 4% of the fundamental. Also, the RM. sum of the harmonics
from the second through the fortieth shall be equal to or loes than
0.05 of the fundamental. The voltage harmonic content of the tested
inverter clearly meets the first part of the specification. The har-
monic content was only measured to the twentieth therefore a categorical
statement about its harmonic content to the fortieth is impossible.
Nevertheless, if the harmonic content to the twentieth is doubled the
calculated R.M.S. content is 0.0495 of the fundamental. It is unlikely
that the harmonic content from the twentieth through the fourtieth will
be as great as the content from the second through the twentieth. There-ý
fore it is assured that the harmonic content of the inverter meets the
second part of the specification.

This document contains information affecting the national defense ot the United States within the meaning of the Espionage Laws, Title 18.
USC, Sections 793 and 794 The transmission or the revelation of its contents in any manner to an unauthorized person is prohibited by law.
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3.7 TEST RESULTS: (Continued)

3.7.3 Power transfer recordings are given in Figures 35 through 43. The
changeover switch used in this test was not of the type that will be
on the D/AIG Series. A proper changeover switch was not procured for this
t,,ist. The essential difference between the two switches consists of
the number of switching circuits. Th. switch used in the test had
three sets of three AC load switching circuits. A set consists of
either three Phase A, Phase B or Phase C switches. The changeover
switch that will be used on the D/AIG Series has three sets of five
AC load switching circuits.

The changeover switch used did not have the required number of swit.ch-
ing circuits. Therefore, the packages of each subsystem; Arira !CS,
AIG Autopilot and Simulated were connected to a single switching
circuit. The effect this had on the test is probably negligible.
However, the exact time of transfer for each package would be different.
Also, the transfer time sequence would cause a change in the time and
magnitude of the total system transfer transient.

3.7.3.1 With the system loads as in the load analysis test, several- power
transfers were run. Typical recordings of these changeovers are
given in Figures 35 and 36. These recordings are of total system
load currents and voltages. These recordings show inconsirtent
transfer times. This characteristic was discussed with the Electrical
Design Group. Upon investigation it was learned that the electrical
system wiring was improper. Each set of load switching circuits
had been connected together in order to instrument the total load
current at transfer.. Referring to the system diagram, Figure 31, the
proper circuitry is to have the distribution coincide with the
changeover switch. The proper changes were incorporated. The above
mentioned recordings, Figures 35 and 36 are included here to show
what the total system or each package saw for power transfer testing.
When the changeover circuitry was properly revised, the Autopilot
packages were no longer available for test.

3.7.3.2 In order to determine the electrical characteristics at transfer for
the Arma MGS equipment, further power transfer testing was conducted.
The AIG Autopilot load was lumped into the simulated load. Figure 37
is a recording of Arma voltage and current at transfer. It clearly
shows the presence of high frequency transients. High frequency
current transients are also apparent at the transfer command time. At
this time the motor driven changeover riitch begins to move.

This document contains information affecting the national defense of the United States within the meaning of the Espionage Laws, Title 18.
USC, Sectionm 793 and 794 The transmission or tte ,evelation of its contents in any manner.to an unauthorized person is prohibited by law.
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I .7 3 (Contizn4)
3.7.3.3 Thm ;pp~re$. DC 4Ispleait of the mnvrnt,ý at~ break &Wft4 *f

transfer are epwinus. To atteek an those oaputao~ di~p3^*,M~ts,# a
stop runctieou via a;*Led to the reaorder circuit w~d It reepended
apreuxdately at two qyalies, dvap"ed upmeential1y. Th, re"Yder
cusrrent botrsenliatlax circusit vhioib soused the ~4 displace-I
meat &W4 Its revision er diu.~aesod in Ptxriiaph 3.S.2.).

I3.7 .3.4 Figizro 38 through 43 are reory4a of Arm* MS elootrios iW e.r1aI
ticis at transfe using the rev~vel c~trent 1nsteUvmta%1on mty
11h rsepasae of the Type 7-319 Gawvawrator Is. dowa &ppwoxt~t
sarim psvxwý at VP11- These roords ahew ~qvsivv4 power
trwisfers from exctenal to interoa. and Inturual to eternals iiith
aor, Ami?~nal, Wn buder voltage an the Invert~r. The wotioni
ta'~znsr tiate is Pwre aeseery Winjm. thai wo indicatoi ty ',hAe high
tioueny response reoe'ds The pouition trairofer ttb, Is 4OfWWteY
4iutsidt the satiin=u aýoifisd tivo of 15 vMliseeonde. ih*ae j
current transfeor tin* appT~wbse 30 xMflieeoad*.

3.7.1.5 Th..s, rooords also serve to Windat. the owreait switchiA~g traneicutsa.
The trarients are somewhat variable beoens* of tba0r deponder'e. ýxpoz
the ties dimpl~a.awmnt of' tho eUi q 4 vcle a. awlt,ý,hing and the wiode
or power factoar of tho load.

Tt aaq be obstrved that the voltate. are mall. in sapitude Wetore th~e

ampartd peration o owivit~hg atxuisk vsd )ar . A possible oauoo

swl tbai. are *f 'U*.* sliding pla-sooket tooe and tb*!.r area of crantact,
sliding csduet.

Test data f'rox which 'Ukiis raport was piropreca ar* ratiorad in _-
34ine~rng Tont LeU(Wratoriets %tet -tetbak to. 71-34.

I ii: oe~p cuigtair..i 'p~f-.M&& - ledii 1eoiiti~ i ý14 0* the Unite~d Wtut~ A~if n ttiv q-4mir (4 tti e iage Law T, TWa !t

ýM £112 ,d44 'o Fte"l, fiscnst'b n ~a. ol m nrAW ni
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COAT PCER SUPPLY VOLTAC-

NORINAL OOTPUT - GROUND P.S. oUrTPU - AIRBORNE PF3.
VOLTAGE DC VOLTAGE AC VOLTAGE DC VOLTAGE AC VOLTAGE

-50 -49.0 0.3 -/q.0 0.7
-16.5 -15.8 0.2 -15.8 0o19
-10 -10.1 0c16 -10.4 0.28
+3.3 + 3.1 0.12 + 3.1 1."
+4 + 3.9 0.19 + 3.8 0.3

+38 +39.5 0.3 +39 0.36
+28 +28 0.27 +•28 0.3

LINE V0LTAGE ORQUNR PFw4 SUPLT AIRnORNC P SF..FUPPLY

Phase Ti - N 1.15 114.8
Phase T2 - N 117 116.3
Phame T3 - N 116.6 116.2

CQQ L DCYO0AG

WNW UTPU GNDFS UTPUT' I?$

Gyro 'Magnet Supply
.5V DC 8V" '.0 87 4.2 8.8

Gvro Torquer Voltage

3.5VDC, 3.5VDC 3.8 0.16 3.7 0.16

Freamplifie-r Voltage
-22. 5V. -22 0.16 -22 0.16

Acceloromoter Supply
-a. 5v -22 5XV -22 5WM

A-mplifier Output Supply

35V UnI'iltrod 23 ii,4 23 ii.7

Phae Ti - N i16.3 I-4.9
F1h*e T2 - 9 J'. 4  116.2
Pha '3 - N 1-7.4 116 1

A '032
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AWA IU. 5 3 i t 0..
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0115.4, 0. 375 5 0.3955
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INT"MT13 BEFORE L14.0 5.92 615 .115.1 4.55 470 0.8w.

m 3.4 5.90 610 0.910o 134.6 4.50 465 0.903 1

AIM¶A 131 37 " o9 14.4 35 7 -Z

123. 0

I I
U3. 1-3 -s 0.1595- 15.5 0.692

SýIMATE 115.4 0.83 81 40.845 112L.4 I0.735 71.5 0.8511

TOTAL" .- 115 5.74 608-.5 0.924 115 4.44 461.0 0.904

SYST I' LOAD W1.1' S]DTh! T 7M LOA DIMX!)..

I'rT114.5 4.8 52 0.93 115.0 3.86 420 0.945
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I- .I I. - -

P.F. IF___ WATTS 'T1-T2 N7T3 43 T3 -T1. Vdo Ido
0.889 - 1-5.9 5.72 55 0.837 655 200.4 1 200.7 200.4 - 27.9 116

0.92 13.6 , 5.65 540 0.836 1630

o"'o 6 n5-1 3.8- 390 0.892 1o1
, il20 I

0.399 115.0 1.375 7.5 1 0.302 175 1
SI i I

10.855 114.9 1.175 106 0.785 261

0.894 115 6.05 543.5 0,784 1646

4 f

0.897 114.( 5.82 550 0.82, 1635 200.8 201.4 200.9 27.8 126

0.903 114.0 5.8 545 0.825 162oi 195.8 ;196.4 196 27.8 114
I --

0.9L * u,.8 13.85 380 , o•_..115 -. . -

0.6_2 11.2 .32 40 0.554 1179I

0.851 J113.8 K. 1 6 3  1 04 ,5 0 . 7 9 0  257

0.904! 19 5 5.5 524.5 0.825 •5

- I - I t ,~

0.94 -5  . 4,•.7, • .aui7 , ,_. & ,1 !9 1 198.9 27.9 100
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